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Description 

ELECTRONIC MODULE WITH REMOVABLE 
CIRCUITRY AND METHOD THEREFOR 

Background of Invention 
Field of the Invention 

[0001] The present invention generally relates to circuit device 
packages. More particularly, this invention relates to cir- 
cuit modules that require circuitry during development of 
the module that is later unneeded in production units of 
the module, wherein the circuitry is mounted on a flexible 
circuit that permits removal of the circuitry from the mod- 
ule without otherwise requiring modifications to the mod- 
ule. 

Description of the Related Art 

[0002] The continuous effort to reduce the size of circuit board 
assemblies has promoted the use of advanced packaging 
technologies such as multichip modules (MCM), including 
ball grid arrays (BGA). Circuit devices, typically surface- 


mount technology (SMT) components, are attached with 
solder to a chip carrier, often a laminate substrate such as 
a high-density printed circuit board (PCB). The solder may 
be initially present in the form of solder bumps that are 
formed on the devices and then reflowed to form solder 
joint connections that attach the devices to the chip car- 
rier. In the case where the chip carrier is a PCB, it is usu- 
ally desirable to underfill any flip chips on the chip carrier 
with a filled epoxy to ensure the reliability of the solder 
joint connections. The resulting MCM may be overmolded 
before being mounted to a motherboard, such as by re- 
flowing solder bumps formed on the lower surface of the 
chip carrier. Finally, the motherboard assembly may be 
overmolded to protectively encase the MCM as well as any 
other MCM's or other circuit components mounted to the 
motherboard. 

[0003] An example of an application for MCM's as described 

above is powertrain control modules (PCM's) for automo- 
tive applications. Instrumentation circuitry is often in- 
cluded in PCM's for emulation carried out during develop- 
ment and qualification of the PCM to assess the perfor- 
mance of an MCM mounted thereto. Current instrumenta- 
tion techniques may require a calibration random access 


memory integrated circuit (RAM IC), a controller area net- 
work (CAN) IC, a connector with multiple signal lines, and 
supporting circuitry, all of which must be accommodated 
on the motherboard. Where practice prohibits altering a 
PCM design or its motherboard layout after qualification, 
the area on a PCM motherboard for the instrumentation 
circuitry must be carried on production PCM units long af- 
ter there is any need for the instrumentation circuitry. The 
result is wasted motherboard real estate, increased cost, 
and the potential for noise generated because of the open 
signal lines of the instrumentation circuitry connector. 
[0004] | n V j ew 0 f the above, it can be appreciated that it would be 
desirable to eliminate the need to accommodate instru- 
mentation circuitry on production units of a PCM mother- 
board and other motherboards on which MCM's are 
mounted. 
Summary of Invention 

[0005] The present invention is directed to an electronic module 
and method that enable circuitry required by one form of 
the module (e.g., a developmental unit of the module) to 
be omitted in a second form of the module (e.g., a pro- 
duction unit of the module), without necessitating addi- 
tional changes in the module. Such a capability permits 


the development of an electronic module requiring instru- 
mentation circuitry, and the subsequent omission of the 
instrumentation circuitry from the production configura- 
tion of the electronic module without requiring any other 
alterations to the electronic module. 
[0006] An electronic module in accordance with the present in- 
vention generally includes a motherboard, an MCM 
mounted to the motherboard and a circuit unit connected 
to the MCM. The circuit unit comprises a flexible sub- 
strate, instrumentation circuitry mounted on the flexible 
substrate, and a connector coupled to the flexible sub- 
strate. The flexible substrate has signal lines for electrical 
communication between the MCM, the instrumentation 
circuitry, and the connector. A portion of the flexible sub- 
strate is located between the MCM and the motherboard 
and permits electrical communication therebetween. The 
instrumentation circuitry is not mounted directly to the 
motherboard so as not to require space on the mother- 
board, and the circuit unit can be eliminated from the 
electronic module without requiring any alteration of the 
motherboard. 

[0007] | n V j ew 0 f the above, the invention enables a method by 
which production units of the electronic module can be 


produced with motherboards and MCM's that are identical 
to those of a developmental unit of the module. The de- 
velopmental unit is produced to include the motherboard, 
the MCM, and the circuit unit connected to the MCM, as 
described above. As such, the circuit unit includes the 
flexible substrate, instrumentation circuitry mounted on 
the flexible substrate, and connector coupled to the flexi- 
ble substrate, and during assembly of the developmental 
unit a portion of the flexible circuit is positioned between 
the MCM and the motherboard yet permits electrical com- 
munication therebetween. Again, the instrumentation cir- 
cuitry is not mounted directly to the motherboard so as 
not to require space on the motherboard. Subsequently, 
the production unit of the electronic module can be pro- 
duced by eliminating the circuit unit, including the flexible 
substrate, instrumentation circuitry, and connector, with- 
out otherwise requiring any alterations to the electronic 
module or its motherboard. 
[0008] From the above, it can be seen that the present invention 
enables instrumentation circuitry for an MCM to be incor- 
porated into an electronic module containing the MCM for 
development purposes, without the requirement to ac- 
commodate the instrumentation circuitry on the surface of 


the motherboard to which the module is mounted. There- 
after, the instrumentation circuitry can be completely 
eliminated from the electronic module without changing 
the design or layout of the motherboard. As such, valu- 
able real estate on the motherboard is not lost to circuitry 
that, while necessary during development of the module, 
is not required in the final production unit of the module. 
Furthermore, the present invention eliminates any risk of 
performance degradation resulting from the presence of 
such circuitry, and particularly the signal lines of the flex- 
ible substrate, within the production unit. 
[0009] other objects and advantages of this invention will be 

better appreciated from the following detailed description. 
Brief Description of Drawings 

[0010] Figures 1 and 2 represent two configurations for a com- 
bined MCM and circuit unit that includes a flexible sub- 
strate on which the MCM and instrumentation circuitry are 
mounted, the latter of which is for use in a developmental 
unit of an electronic module in accordance with the 
present invention. 

[° 01 1 ] Figures 3, 4, 5 and 6 show the combined MCM and circuit 
unit of Figure 1 incorporated into developmental units of 
electronic modules in accordance with different embodi- 


merits of this invention. 
[0012] Figure 7 shows a production unit of an overmolded elec- 
tronic module corresponding to the developmental unit of 
Figure 6, wherein the circuit unit present in the develop- 
mental unit is omitted from the production unit. 
Detailed Description 

[0013] Figures 1 and 2 represent circuit units 10 and 110 in ac- 
cordance with two embodiments of this invention. Each 
unit 10 and 110 is shown as including a multichip module 
(MCM) 12, an instrumentation module 14 or 114, a con- 
nector 16, and a flexible circuit 18. While the units 10 and 
110 are depicted as comprising only one of each of the 
MCM 12 and instrumentation module 14 or 114, any 
number of these modules could be mounted to one or 
more flexible circuits 18 for the purpose of obtaining the 
benefits of this invention. 

[0014] The MCM 12 and instrumentation module 14 and 114 are 
mounted to the flexible circuit 18, which is preferably a 
flexible circuit. As known in the art, a flexible circuit (also 
referred to as a flex circuit) is a flexible substrate of an 
electrically insulating material such as a polyimide or 
polyester film, often in the form of a flat cable, with paral- 
lel conductors (signal lines) along its length. The present 


invention utilizes the flexible circuit 18 as a substrate for 
removably incorporating the instrumentation module 14 
within a circuit module, such as any of the modules repre- 
sented in Figures 3 through 6, as well as various other 
types of circuit assemblies. The signal lines (not shown) 
within the flexible circuit 18 enable electrical communica- 
tion between the MCM 12, instrumentation module 14 or 
114, and connector 16, the latter of which comprises any 
suitable number of pins 28 for transmitting the required 
electrical communications. 
[0015] The MCM 12 is depicted as a ball grid array (BGA) com- 
prising two flip chips 20 on a substrate 22 (such as lami- 
nate PCB) encased in an overmolding 24, though other 
constructions could be used. The lower surface of the 
substrate 22 is laminated or otherwise attached to the 
flexible circuit 18. The MCM 12 can be electrically con- 
nected to the signal lines of the flexible circuit 18 through 
plated through-holes in the circuit 18 or with an 
anisotropic conductive adhesive (ACA). Finally, the MCM 
12 is equipped with solder bumps 26 that permit reflow 
soldering of the MCM 12 to a motherboard (e.g., one of 
the motherboards depicted in Figures 3 through 7). In ad- 
dition to providing electrical connection of the signal lines 


with the MCM 12, that portion of the flexible circuit 18 
laminated to the MCM 12 is also configured with openings 
or plated through-holes (not shown) to provide electrical 
communication between the MCM 12 and its solder 
bumps 26. 

[0016] The circuit units 10 and 110 are represented as being es- 
sentially identical except for the configuration of the in- 
strumentation modules 14 and 114. Each instrumentation 
module 14 and 114 comprises circuit devices 30 (e.g., flip 
chips, packaged IC's, SM components, etc.) on a substrate 
32 (such as a printed circuit board) that may be laminated 
to the flexible circuit 18. In Figure 1, the substrate 32, its 
circuit devices 30, and that portion of the flexible circuit 
18 to which the substrate 32 is attached are encased 
within in overmolding 34, allowing for a relative small, 
rugged package. The embodiment of Figure 2 differs from 
Figure 1 in that the module 114 of Figure 2 is not over- 
molded. In each embodiment, the substrate 32 could be 
omitted and the devices 30 mounted directly to the flexi- 
ble circuit 18. 

[0017] Figure 3 shows a portion of a module 40, including a case 
42 in which the circuit unit 10 of Figure 1 is installed, 
along with a motherboard 44. The motherboard 44 may 


have any suitable construction, such as a laminate PCB. 
The MCM 12 is shown as having been reflow soldered to 
the motherboard 44 in accordance with known practices, 
with the result that a portion of the flexible circuit 18 is 
sandwiched between the MCM 12 and the motherboard 
44, though permitting the solder connections to provide 
electrical communication therebetween. The opposing 
surfaces of the motherboard 44 are shown as being popu- 
lated with other circuit devices 46 as necessary for the in- 
tended application, for example a powertrain control 
module (PCM). As evident from Figure 3, in regard to the 
circuit unit 10, only the MCM 12 consumes any surface 
area of the motherboard 44. The instrumentation module 
14 is attached directly to the interior of the case 42, with 
the overmolding 34 of the module 14 bonded or other- 
wise attached to the case 42. As such, the module 14 is 
suspended above and spaced apart from the motherboard 
44 and its circuit devices 46. Because the flexible circuit 
18 provides electrical connection between the MCM 12, 
instrumentation module 14 and connector 16, the module 
40 is configured as a developmental unit that can undergo 
testing through the use of suitable emulation circuitry 
(EMU) connected to the MCM 12 through the connector 


16, which is shown supported outside the case 42 by the 
flexible circuit 18. As evident from Figure 3, the instru- 
mentation module 14, connector 16, and flexible circuit 
18 can be eliminated from the module 40 simply by 
mounting an MCM that is identical to the MCM 12 of Fig- 
ures 1 and 3, but without the flexible circuit 18 and its at- 
tached module 14 and connector 16. In this manner, both 
developmental and production units of the module 40 can 
be manufactured with identical motherboards 44. 

[0018] | n Figure 4, a portion of a module 50 is shown that differs 
from the module 40 of Figure 3 only by the fact that the 
instrumentation module 14 is directly attached to the top- 
side of the MCM 12, instead of the interior of the case 52, 
e.g., the overmolding 34 of the module 14 is bonded to 
the overmolding 24 of the MCM 12. As such, the instru- 
mentation module 14 again does not occupy any space on 
the motherboard 54, such that both developmental and 
production units of the module 50 can be manufactured 
with identical motherboards 54. 

[0019] Figure 5 illustrates another embodiment of the invention, 
in which a portion of a module 60 is shown that differs 
from the modules 40 and 50 of Figures 3 and 4 as a result 
of the instrumentation module 14 being indirectly at- 


tached to the interior of the case 62 with the flexible cir- 
cuit 18. In this configuration, the instrumentation module 
14 is adjacent but spaced apart from the topside of the 
MCM 12, as well as the motherboard 64 and its circuit de- 
vices 66. 

[0020] Figures 6 and 7 show developmental and production units 
70 and 80, respectively, of a module that differs from the 
modules 40, 50 and 60 of Figures 3 through 5 as a result 
of the units 70 and 80 being overmolded instead of 
housed within a case. As seen in Figure 6, the overmold- 
ing operation results in the motherboard 74, its devices 
76, the MCM 12, the instrumentation unit 14 and a por- 
tion of the flexible circuit 18 being encased in an over- 
molding 72 that suspends the instrumentation module 14 
above and apart from the motherboard 74 and its circuit 
devices 76. As also evident from Figures 6 and 7, the de- 
velopmental and production units 70 and 80 of the mod- 
ule differ only by the absence of the instrumentation 
module 14, connector 16, and flexible circuit 18 in the 
production unit 80, such that both units 70 and 80 are 
able to be manufactured with identical motherboards 74. 

[0021] while the invention has been described in terms of partic- 
ular embodiments, it is apparent that other forms could 


be adopted by one skilled in the art. Accordingly, the 
scope of the invention is to be limited only by the follow- 
ing claims. 


